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Abstract 
Morphological selection and texture evolution is investigated in aluminum-silicon eutectics, 
grown at low velocity. It is found that rapid lateral growth of the angular star-shaped structures 
results in complete <001> texturing within the first 40 mm of growth. The details of the 
resulting growth morphologies are discussed. 
Introduction 
The AI-Si alloys exhibit a wide range of eutectic 
solidification structures. The most common of these 
structures includes a faceted flake-type silicon 
morphology, as shown in Fig. Ia. This classic example 
of a faceted-nonfaceted irregular eutectic is 
commonly observed in conventional shape castings, 
where no specific refinement modification has been 
made. Trace ternary additions of certain elements 
(e.g. Sr, Na, Ce), result in another common eutectic 
structure, where the kinetic effects give rise to a 
fibrous or rod-type Si morphology [1,2]. Without 
such ternary modifications, a flake to fiber transition 
is also observed at high growth rates, typically 
between 5xl0·4 and lxl0'3 rnls [3,4], as shown in 
Fig.l b. While the fibrous morphologies resulting from 
ternary modification and from high velocity growth 
appear to be generally similar, the mechanisms by 
which they form are indeed very different, and these 
differences have been reported by several authors 
[5,6]. Moving to the low velocity range, a transition 
from the flake-type Si morphology to a more 
connected angular morphology is observed as the 
velocity drops below approximately 2x 1 0'5 m/s. As 
Figure 1. Some typical A l-Si eutectic 
solidification structures: (a) typical flake 
morphology, (b) fibrous morphology formed at 
high rates (I mmls), and (c) star-shaped angular 
·morphology formed at low rates (0.5 11mls). 
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Figure 2. Transverse views of the angular 
Si morphology solidified directionally at 
velocities of(a) 0.5 JJmls, (b) 0.92 JJmiS, 
and (c) 2 JJmls. 
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Figure 3. Backscattered electron diffraction 
pole figure showing the distribution ofSi 
orientations centered about the {001] pole 
(after 40 mm of growth at 1 }Jmls). 
the velocity is reduced further, the 
connectivity of these angular structures 
is reduced and the Si particles grow as 
distinct star-shaped "rods", as shown in 
Fig.lc. Since an understanding of the 
mechanisms and kinetics of Si growth 
and branching within the various Al-Si 
eutectic structures remains as the 
principal barrier to the development of 
a more general theory for eutectic 
solidification, we focus here on the 
structure and growth mechanisms in the 
low-velocity star-shaped eutectic. 
The first careful examination of the low 
velocity Al-Si eutectic morphologies 
was reported by Day and Hellawell [7]. 
Depending on the magnitude of the 
thermal gradient, they reported a 
transition from uncoupled growth at 
very low rates (i.e. 0.1 to l !lrnls) to a 
coupled growth morphology 
characterized by large connected 
branched silicon structures. In addition, 
they reported several characteristic 
features of the low-velocity coupled 
growth morphology. Most notably, 
they observed a strong <001> Si 
texture associated with this structure. In 
addition, they observed side-plates 
which were either smooth with broad 
{ 00 l} faces or corrugated with 
010 [001] 
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Depending on the magnitude of the 
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{ 00 I} faces or corrugated with 
l 
alternating {Ill } faces, 
meeting along a common [0 II] 
direction. Subsequent work by 
Shamsuzzoha et a!. [8] has 
revealed similar side-plate 
structures emanating in <00 I> 
directions from a twinned 
central stem. 
In the current work, we 
investigate further the growth 
morphology of the low-rate Al-
Si eutectics. In particular, we 
focus on two aspects of this 
growth. First, we examine the 
selection of the "star-shaped" 
morphology and the evolution 
of the preferred texture. 
Second, we investigate the 
detailed morphology of the 
star-shaped silicon growth 
structures, with respect to the 
crystallography. 
Solidification Conditions 
Alloy test specimens of Al-13 
wt% Si were fabricated from 
pure AI (99.99%) and pure Si 
(99.99%) by vacuum arc-
melting. The arc-melted 
specimens were solidified in a 
12 mm diameter cylindrical 
water-cooled copper mold, 
swaged to a diameter of 5 mm, 
and inserted into a 5.5 mm 
inner diameter alumina tube for 
remelting and for directional 
solidification. The directional 
solidification was performed in 
a vertical Bridgman furnace, 
employing nominal velocities 
from 0.5 to 5 Jlrnls, with a 
temperature gradient of 7xl03 
Kim. Growth was interrupted at 
selected positions by quenching 
into a water cooled liquid-
metal (Ga-In-Sn) reservoir at a 
rate of I. 7xl 0'2 rn/s. All 
directional solidification was 
conducted under an argon 
atmosphere. 
(b) DRandomSi •Textured Si 
Figure 4. Morphological selection and texture evolution 
during the initial stages of growth at 0.92 J.imls. The star-
shaped angular silicon structure spreads laterally across the 
5.5 mm dia. specimen: (a) selected cross sections showing the 
angular Si region and the randomly oriented silicon region, 
(b) maps showing the progress of the star-shaped domain as 
the <001> texture is established (growth distances in mm). 
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Figure 5. The angular relationship between the 
adjacent side-plates of the star-shaped 
morphology. All eight plates emanate outward 
from the central stem, with a <I 00> axis along 
this radial direction. 
Figure 6. Kikuchi patterns generated with 
backscattered electron diffraction, showing that 
the star-shaped structures consist of two 
interpenetrating grains. The pole near the center 
in (a) and at the right-center in (b) is the [011} 
pole. The {001} and {011} great circles are shown 
with normal dashed lines and long-short dashed 
lines, respectively. Careful analysis reveals that 
the two grains are offiet by a 37 degree rotation, 
characteristic of {210} twinning. 
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Morphology and Texture Evolution 
The typical steady-state eutectic 
microstructures for several velocities 
are shown in Fig.2, revealing indeed 
that the dominant structure at the lower 
rates is the eight-pointed star-shaped 
silicon. Here, we observe that, with 
increasing velocity, the spacing 
between the "stems" of the eight-
pointed star-shaped particles decreases 
and the overall structure of the silicon 
becomes more connected. The overall 
<001> texture is revealed by the pole 
figure in Fig.3, obtained using 
backscattered electron diffraction over 
a region similar to that shown in 
Fig.2b. 
All of the transverse sections shown in 
Fig.2 were obtained at a growth 
distance of 5xl0'2 m. The evolution of 
the overall morphology during the 
establishment of the steady state 
structure at a velocity of l Jlllll's was 
examined by sectioning transversely in 
increments of 2.5 mm. Rather than a 
gradual increase of the preferred <001> 
texture by the appearance of multiple 
separate regions of star-shaped silicon, 
the texture develops essentially as one 
continuous domain of the star-shaped · 
morphology which spreads laterally 
across the specimen at a relatively high 
rate. Selected cross-sections, revealing 
the growing domain of star-shaped 
silicon in the same specimen, are 
shown in Fig.4a. The lateral expansion 
of this domain over the complete 
transient period is illustrated in Fig.4b, 
showing that the process is complete 
after roughly 40 mm of axial growth. 
The average rate of lateral expansion 
during this period was approximately 
equal to 0.2 !lmls, a significant fraction 
of the axial velocity. 
No associated texture evolution was 
observed in the aluminum solution 
phase, where a fine-grained 
polycrystalline structure was observed. 
he 
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Figure 7. A star-shaped silicon particle with "fluted" side-plates, shown from two 
angles. Note that the plate is initially smooth (near the central stem) but becomes fluted 
with radial growth. The aluminum phase has been removed by chemical etching. 
This is consistent with the observations of Shamsuzzoha et al. [8] and Hogan and Song [9]. To 
further rule out the influence of the aluminum phase orientation, we conducted a set of 
directional solidification experiments using a <00 I> oriented aluminum single-crystal seed. 
Subsequent Al-Si eutectic growth was unaffected by the presence of the seed and a randomly 
oriented fine-grained aluminum phase structure was quickly established. 
Growth Morphology and Mechanisms 
We now examine the detailed structure of the star-shaped silicon particles. The typical 
morphology consists of a central stem with two sets of side-plates extending laterally. Each set 
consists of four plates at 90 degree angles to each other. One set is offset from the other by an 
angle of 37 degrees, consistent with twinning on {210} planes. The angular relationship 
between the side plates is shown in Fig.5. In Fig.6, Kikuchi patterns produced by backscattered 
electron diffraction reveal that each of the side-plates extends radially in a <100> direction and 
that the star-shaped particle indeed consists of two interpenetrating four-pointed stars, each of a 
single crystallographic orientation, with a rotation between the two sets that is consistent with 
{210} twinning. Such a growth morphology was proposed by Shamsuzzoha et al., with a very 
complicated structure of multiple twins in the central stem [See Fig. 9 in Ref. 8). 
Many of the star-shaped particles exhibit what has been referred to as a corrugated structure. 
Day and Hellwell described a characteristic corrugated structure in three-pointed star-shaped 
silicon as two smooth {I 00} plates and one corrugated plate consisting of { Ill } planes 
intersecting on {110} directions that extend radially from the central stem (See Fig.9, Ref.7.t). 
Acid extraction of these silicon particles revealed this corrugation all the way up to the central 
stem [See Fig.8 in Ref. 7]. For the eight-pointed star-shaped particles observed at the lower rates 
in the current work, we observe a fluted structure that appears to develop gradually as the 
silicon extends in the radial direction, as shown in Fig.7. This figure demonstrates two features 
that are distinctly different from previous observations. First, the fluted plate lies on the overall 
1 The referenced figure contains a typographic error, which has been reproduced in numerous other references. The 
figure shows a three-pointed growth structure with one corrugated side-plate having edges that intersect along a 
<100> direction. As pointed out in the text ofRef.7, this should be a <110> direction. 
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{I 00} plane typical of the eight-pointed star-shaped particle, rather than the {II 0} plane 
observed in the 3-pointed star-shaped particle. Second, the radial development of the fluted 
structure offers compelling evidence for the presence of a significant degree of radial growth of 
the silicon particles, a feature that is consistent with the observed rapid lateral expansion of the 
star-shaped domain during directional solidification. This suggests that the radial solute 
gradient surrounding each growing central silicon stem is significant. 
The importance of radial growth suggests that the advancement of the central stems may not be 
closely coupled to any other growth process, but rather that it is governed simply by the 
dissipation of solute from the growing tip. This is the defining characteristic of dendritic 
growth. Thus, the question arises as to whether the star-shaped morphology can be considered 
to be the dendritic growth of silicon, followed by eutectic solidification trailing the primary 
growth front. To look briefly into this issue, we measured the ''primary" spacing as a function 
of velocity. The results indicate a clear eutectic behavior, where the square of the spacing varies 
inversely with growth velocity. However, it should be noted that the spacings observed were 
much larger than theoretical predictions. Measurement of the inter-plate spacing gave results 
more consistent with the theory. We note here that the existence of a characteristic primary 
spacing of central stems implies some level of diffusive coupling at a length scale greater than 
the eutectic spacing. With the clear evidence for radial growth of side-plates, the notion of a 
hybrid growth structure governed by diffusive coupling at multiple length scales should be 
considered. 
Conclusions 
The evolution of <100> texture in low-velocity Al-Si eutectics evolves by the rapid lateral 
spreading of a single domain (or at most a small number of domains) of star-shaped angular 
silicon particles. The presence of {210} twin planes is a required feature for the formation of 
the eight-pointed star-shaped silicon structures. Accordingly, it is likely that the influence of 
these twins on the axial growth kinetics of the "primary" stems plays a large role in the overall 
morphological selection and texture evolution. The corrugated structure of the eight-pointed 
star-shaped silicon is somewhat different from that observed in similar three-pointed structures, 
typically observed at slightly higher growth velocities. The structure and spacing of the eight-
pointed star-shaped silicon particles observed in the low-velocity solidification of Al-Si . 
eutectics appears to be at least partially controlled by radial solute diffusion away from the 
leading central stems, possibly suggesting some sort of supereutectic cellular structure. 
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